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Selected Articles. 463 1. The nature of the pulp, the capsule, and the enamel organ, with relation to the mucous membrane from which they are developed.
The teeth are developed in two ways, which are, however, mere varieties of the same mode in the animal kingdom.* In the first, which may be typified by the mackerel and the frog, the pulp is never free, but from the first is included within the capsule, seeming to sink down as fast as it grows.
In the other the pulp projects freely at one period above the surface of the mucous membrane, becoming subsequently included within a capsule formed by the involution of the latter; a marked instance of this mode of development occurs in the human subject. The skate offers a sort of intermediate stage.
If the thick and opaque, colored, mucous membrane of the jaw of the mackerel be torn away, and the alveolar edge of the jaw be then examined with a low power, minute germs will be seen to be imbedded in the substance of the jaw, among the large, fully-formed teeth. It was an oval mass, about ^th of an inch in long diameter ; its upper part was roofed as it were by the epithelium of the gum; its sides were constituted by a continuation of the basement membrane of the mucous membrane of the mouth; within this was a homogeneous substance, containing numerous oval or rounded nuclei, about y^tfth of an inch in diameter, and continuous with the lowest layer of the epithelium of the mouth. In the centre appeared a large conical mass, nearly as long as the sac, the proper tooth pulp. Pointed above, it widened below, and then gradually contracted again, so as to form an almost hemispherical lower extremity, which was united to the base of the sac by a narrow neck. In the upper part of the papilla the proper dental tissues had already begun to make their appearance; but below, a delicate membrane formed its outer boundary, and this passed directly into the basement membrane of the sac.
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[April, It is clear then, that in this case the papilla is wholly a process of the derm (or that which in a mucous membrane corresponds to it) outwards, while the sac is a process inwards of the same structure; and that the homogeneous substance, with its imbedded nuclei between the two, corresponds with the epidermis or epithelium.
In the frog the same relations essentially hold good; the young teeth are here developed in minute sacs, which lie at the bottom of the dental groove in the upper jaw. I could never detect any free-projecting pulps (nothing, therefore, corresponding to the papillary stage in the human tooth,) but the smallest and youngest rudiments of the teeth I found were oval or rounded sacs, x|5th of an inch long, containing an oval papilla, about one-fourth shorter. Externally, these were bounded by a strong structureless basement membrane, which enclosed a homogeneous substance containing nuclei in its cavities. These were rounded, and very close together, next to the basement membrane, but became transversely elongated in the inner layers and next to the pulp. This last was bounded by a structureless membrane, which at its narrow base became continuous with the basement membrane of the capsule.
In the frog, then, the relations of the pulp and of the capsule are the same as in the mackerel. ("Edin. Med. and Phys. Journal," 1839) and Todd and Bowman ("Physiological Anatomy,") state very distinctly that the pulp is an ordinary papilla, and the capsule an involution of the mucous membrane, and the latter justly described the membrana preformativa of the pulp as a basement membrane (p. 175,) but they consider the "stellate tissue" and the enamel organ to be the "wall of the sac itself." Kolliker ("Mikr. Anat.," p. 101) expresses the same opinion. | Mr. Tomes ("Lectures," &c., 1848) appears to me to have described the enamel organ very accurately, but he has, I think, failed to distinguish the proper enamel organ or epithelium of the sac from the submucous cellular tissue?the latter is his "reticular stage of the enamel pulp," the former his "second stage" or "stellate tissue," while what he calls the "transition part," p. 99, is, 1 think, the dense superficial layer of the capsule, very well described by Mr. Nasmyth (vide infra) as "the internal lamina of the dental capsule. In man, then, as in the skate, the mackerel, and the frog, the tooth-pulp is a dermic process bounded by its basement mem-*Raschkow, in a note appended to his Researches, remarks that he has observed the enamel organ to receive blood-vessels in certain parts, and believes the parenchyma of the organ to be pervaded by capillary vessels. The conclusion which he deduces from this observation is, that the enamel organ was from the beginning joined to the capsule. viz. between the enamel and the dentine.
In the calf f a similar membrane may be denominated, but it is much more delicate, and I have not seen the peculiar areolae upon its surface.
In the frog, in which the layer of enamel is very thin and structureless, the membrane may be very readily demonstrated by the action of dilute hydrochloric acid, which in this animal, as in the mackerel and skate, dissolves out the enamel layer at once, while it only acts gradually upon the dentine.
In all these animals I have examined the smallest teeth I could find perfectly entire, without any rough mechanical treatment, which I should think would destroy the delicate membrane.
In the frog, its surface is in parts reticulated as in man ; in the mackerel and skate I have been unable to find any such reticulation. In both these the enamel forms a conical cap of almost structureless or obscurely fibrous substance at the extremity of the tooth, while the layer upon the body of the tooth is very thin.| In the skate it is thick, dense, yellowish, structureless, and perfectly smooth; but in the mackerel it is developed upon the lateral edges of the young tooth into sharp notched processes; lines stretched across the body of the tooth from these, not only unlike the contour lines one sees on the enamel of a young human tooth.
A membrane, corresponding with that which has been de-*It is stated, by all the writers on the subject whom I have consulted, that the membrana preformatira is the first portion of the tooth which ossifies. This statement, however, is never supported by evidence ; and my own observations lead to precisely the reverse conclusions.
f See Hassall, Micr. Anatomy, p. 318. t As this "dense exterior layer" may be dissolved out by dilute acid, leaving the "membrana propria of the pulp," which is very much thinner, standing, it is quite clear that it is not "formed by the calcification of the membrana propria of the pulp, which therefore precedes the formation of ordinary dentine." (Odontography, p. Nasmyth having shown that it does. Unfortunately, however, the latter, like all who have succeeded him, misled by the supposed mode of development of the enamel from the enamelorgan, imagined that, as the "persistent capsule" was outside the enamel it could be nothing else than the membrane of the dental capsule; and hence the erroneous description of the adherence of the latter to the crown of the tooth, which I have already quoted. Had he chanced to examine a tooth before its eruption, he would at once have seen the incorrectness of his hypothesis. Since then this "Nasmyth's membrane" is identical, on the one hand, with the persistent capsule which lies external to both enamel and cement, and, upon the other hand, with the preformative membrane of Raschkow or otherwise with the basement membrane of the pulp; it is clear that all the tissues of the tooth are formed beneath the basement membrane of the pulp ; in other words, they are all true dermic structures?none epidermic.* * That the enamel is not formed directly from the enamel pulp might have been concluded from Professor Goodsir's observations (f. c., p. 25.) He says, "The absorption (in the granular matter) goes on increasing as the tooth substance is deposited, and when the latter reaches the base of the pulp, the former disappears, and the interior of the dental sac assumes the villous vas-
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The third problem was, the relation of the histological elements of the soft parts (that is, as we now see, of the pulp) to the dentine, enamel, and cement.
Three theories have been prevalent as to the mode of development of the dentine. The first, the old excretion theory, need not be considered here, as it has been given up on all sides.
The second, the Conversion theory, consists essentially in the supposition that the dentine is the "ossified pulp that the histological elements of the pulp become calcified and converted directly into the dentine?the arrangement of the elements of the dentine depending upon that of the elements of the pulp. This is the doctrine maintained by Blake, Schwann, Nasmyth, 
